
CERN/TIS{RP/IR/94{17 27 July 1994Radiation Considerations in the Design ofthe Neutral Dump close toLHC Interaction RegionsNikolai Mokhov � and Graham R. Stevenson1. IntroductionAbout 23% of the energy in 7+7 TeV p-p interactions (1.642 TeV) is carried by neutralparticles which will pass through the aperture of the low-beta quadrupoles on either sideof an LHC interaction region. The number and energy spectrum of these particles hasbeen calculated using the DTUJET93 code [Aur94], which is based on the dual topologicalunitarization model for hadronic multiple particle production. Figure 1 shows the energyspectra of photons and neutral hadrons downstream of the �rst dipole D1 integrated out toan angle of 0.583 mrad, corresponding to a radius of 35 mm at a distance of 60 m. Thedata of Figure 1 are based on 30000 inelastic p-p collisions, including single and doubledi�ractive events. The average energy of these neutral particles is high, being 0.63 TeV forthe photons and 2.26 TeV for the neutral hadrons, mainly neutrons. Throughout this paperwe assume the LHC luminosity of 1034 cm�2s�1, and the total inelastic cross-section of 80mb as calculated with DTUJET93. This corresponds to a p-p interaction rate of 8� 108 s�1and means that approximately 210 watts of power will have to be absorbed by the neutraldump on either side of each interaction region.2. The CalculationFor this preliminary study, the neutral dump was assumed to be a cylinder of copper ofdensity 8.92 g/cm3, 3 m long and 5 cm radius, surrounded by an iron cylindrical shield(density 7.86 g/cm3) over its whole length of 85 cm outer radius.The hadron and electromagnetic cascades in the dump were simulated with the MARS12Monte-Carlo code [Mok89, Mok93].�Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA1



3. DoseContours of the power density in the dump are illustrated in Figure 2 and the distributionof absorbed power density along the beam axis is given in Figure 3. The maximum value is80 W/kg. Even though the total power absorbed by the dump and the peak power densityare not large, water-cooling of the dump would appear to be prudent.The total power leaving the back face of the dump is 16 mW; this should be of noconsequence to any cryogenic equipment placed behind the dump. Figure 4 shows how thisescaping power varies with the length of the dump.Figure 5 gives the longitudinal variation of power density at the copper/iron interfaceand at the outer face of the iron. Figure 6 is a similar plot of the radial variation of powerdensity at depths of 30 cm, 100 cm and 300 cm. For 107 operating seconds in a year, theannual dose received by an object directly alongside the dump could reach 40 Gy; doses atthe walls of the tunnel will be between 3 to 10 times lower than this value. These dosesshould not be high enough to destroy any radiation-sensitive equipment installed in thisarea. Immediately behind the dump, the annual dose will be between one and two orders ofmagnitude lower than the dose alongside the dump except on the beam axis. The low valuesof these doses could lead to a re-consideration of the optimum size of the dump.4. Dose rates from induced radioactivityIn MARS12 the hadron energy threshold for star formation is 47 MeV for protons andneutrons and 191 MeV for charged pions. These thresholds are the same as the FLUKAthreshold for star production so that it is possible to use the same conversion factor forestimating the remanent dose rate from the star density, viz. a star production rate of1 cm�3.s�1 in iron or copper will give rise to a dose rate of 10�8 Sv/h after a 30 day irradiationwith 1 day of cooling down time [Tho88]. Contours of the star density production rate areillustrated in Figure 7 and remanent dose rates on the outer surface of iron cylindrical shieldsof 25, 55 and 85 cm radius are given in Figure 8. For the 85 cm radius shield the remanentdose rate on the outer face of the dump will not exceed 10 �Sv/h. Remanent dose ratesclose to the front face of the dump and over the back face for sumps of 2 and 3 m long aregiven in Figure 9. It can be seen that the maximum dose rate on the axis of the 3 m dumpwill be several hundred �Sv/h.5. ConclusionsThe dimensions of the neutral beam dump chosen for the present study would appear togive a very high degree of protection against both prompt and remanent dose rates. Wewould therefore propose that the neutral dumps for LHC interaction regions should haveouter dimensions of approximately 130 cm diameter and 250 cm long. The diameter of the2



inner copper cylinder should be determined from heat transfer calculations. However otherconsiderations such as the magnitude of any ground-water activation may also have to betaken into account. When further discussions have taken place on the size and position ofthe neutral beam dumps, then more detailed calculations can be made to estimate promptand remanent dose rates.References[Aur94] P. Aurenche, F. Bopp, R. Engel, D. Pertermann, J. Ranft and S. Roesler, DTUJET-93, Sampling inelastic proton-proton and proton-antiproton collisions according to thetwo-component dual parton model, SI{93{3 (1994).[Mok89] N. Mokhov, Mars10 code system user's guide, Fermilab Report FN{509 (1989).[Mok93] N. Mokhov, Mars12 code system, Workshop on Simulating Accelerator RadiationEnvironments, Santa Fe, U.S.A., 11-15 January 1993 (1993).[Tho88] R. H. Thomas and G. R. Stevenson, Radiological safety aspects of the operation ofproton accelerators, Technical Report Series No. 283, IAEA Vienna (1988).
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